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INTRODUCTION



INTRODUCT ION

There being no recorded kinetic investigation of the hydrogenation
of cresols at high pressure with Adams platinum oxide catalyst, the
purpese of the woerk described here was to make such a study. The problem
was approached with the belief that a study of the rates of hydrogenation
of such compounds and their stereocisomerism should give some insight
into the mechanism of catalytic hydrogenation,

The cempowunds chesen for this study were phenol and the three iso-
meric cresols, The reaction medium used was ethyl alcohol with glacial
acetic acid, and platimm oxide u a catalyst. Hydrogemations were
carried out at an initial pressure of 1300 pounds per square inch and a
temperature of SOo c.



HISTORY



HISTORY

The earliest recorded catalytic hydrogenation for the production
of an orgamic compound is that by Debus (1) im 1863 in which he prepared
methylsmine by passing the vapors of hydrocyanic acid, mixed with
hydrogen, over platinum black,

By the tura of the century catalytic hydrogenation began to be
recognized as one of the major methods of chemical techmique. This was
dwe, in large measure, to the exhaustive researches of Sabatier smd his
associates, which are published in cendensed form in Sabatier'!s book
"La Catalyse en Chimis Organique®(2). Ssbatier!s process invelves pass-
ing the organic swbstamce, mixed Iith hydrogen, ':Ln the vapor phase over
a nickel catalyst kept at the proper temperature, under a pressure of
sbout ene atmosphere.

Following, almost immediately, Sabatier'’s work, a second process for
carrying out catalytic hydrogenstions was :lnfroduced. This involved the
reaction of hydrogen at one to five atmospheres pressure with the organic
compound as a liquid or in solutiom in which the hydrogen amd catalyst
were agitated., Hydrogenation in the liquid phasse became particularly
wseful with the development of colloidal platimm, platinum black (2),
and platinum oxide or Admms! catalyst (3).

The catalytic reaction of hydrogen at high temperatures wnder
pressures of 100 to 300 atmospheres with a compound in the liquid phase



was introdwced by Ipatieff (L) during the first decade of the present
century.

The investigations of Armstromg amd Hilditch (5) were the most
systematic of the early work reported. Their results indicate, in the
sbsence of disturbing factors, that the velocity of hydrogenation is
directly proportienal to the hydrogen pressure. /meng these disturbing
factors may be included slow acting permanent catalyst poisonms,
preferential adsorption of gaseous impurities at the catalyst surface,
and the presemce of a compound containing a fumctional greup not
susceptible to hydrogenation but having an affinity for the catalyst's
surface, |

Platimm oxide as a catalyst for the hydrogenation of the bensene
micleus at low pressure and moderate temperatures has been in rather
gonsral use for the past twenty-five years. Platimm is the actual
catalyst when platimm oxide is wsed, as it is formed from the oxide
a8 soon as hydrogem is introduced into the reaction vessel, The dis-
advantage of this catalyst is the ease with which it is poisoned by
elementary nltur or compounds containing divalent sulfur,

A qualitative study of the hydrogenation, using platimm oxide,
of a number of phenmyl substituted compounds was made by Adams and
Marshall (6). Their results indicated increased difficulty of hydro-
genstion with increasing melecular complexity. Im 1945, Smith and
co-workers (7,8,9) made a quantitative study of the effect of structure
on the hydregenation of the benzene mucleus with Adams catalyst at lew
pressures., They showed that, umder the experimenmtal conditions empleyed,






the rate of hydrogenation was first erder with respect te the hydrogen
pressure, sero order with respect to the hydrogem acceptor, and directly
proportional to the smount of catalyst used.

The first recorded use of Adic catalyst with high pressures was
by Baker and Schuets (10) im 1947. They demonstrated that the lhydro-
genation of bensenoid cﬁpounds followed essentially the ssme kinetics
a8 at low pressure, altheugh the time of hydrogenation was considerably
less.

There are a number of references im the literature to the hydre-
gonation of the cresols. The interest in the cresols was due in large
measure to the fact that the products of hydrogenation exist as
goometrical isemers, In Table I :I.s a sumary of the stereoisomeric
preducts obtained from the hydrepmti&n of the cresols and their
correspomding methyl-cyclohexanomes. In genmeral, hydrogenation with
nickel catalysts leads te predeminantly trans iscmers while platimm
catalysts yield mainly the cis isomers,



TABLE I

STEREOISOMERISM OF THE HYDROGENATION PRODUCTS OF THE CRESOLS
AMD THEIR CORRESPONDING METHYLCYCLOHEXANOMNES

Compound Conditions Hydrogenation
Hydrogenated Product
o<Cresol Niockel at 175°%. 67% traas (11)
o<Cresol Raney nickel at 180°C, 68% trams (12)
o-Cresol Raney nickel at 100°C, mainly trans (13)
o<Cresol Pt black, acetic acid mainly cis (1k) -
o-Cresol Colloidal Pt, acetic acid mainly ois (15)
o<Cresol Copper chromite 100% trans (16)
n-Cresol Nickel at 180°C. 82% trans (11)
n-Cresol Raney nickel mainly trams (17,13)
n<Cresol Colloidal Pt, acetic acid mainly ois (15) :
n-Cresol Copper chremite 100% cis (16) .
p=Cresol Raney nickel, 180°C. 82% trans (12)
p-Cresol Raney mickel mainly trans (13)
p=Cresol Colloidal Pt, acetic acid mainly eis (15) -
2-Methylcyclohexsmons Sodium, moist ether 81% trams (11)
2-Methyleyclohexanone Pt, acetic acid 62% cis (11)
2-Methylcyclehexanone Ramey nickel, 130°C. 57% cis (12)
2-Methylcyclohexanone Pt black, acetic acid mainly cis (k)
3-Methylcyclohexanone Sodiwm, boiling aleohol 86% trams (11)
3-Methylcyclohexsnone Raney nickel mainly cis (17)
3-Methylcyclohexsnone PTO,, acetic acid 69% cis (17)
kMethylcyclohexsnone Ramey mickel, 130°C. 59% cis (12)
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EXPERTMENTAL

The materials used in a study of hydrogemations catalysed by
platinm oxide must necessarily be of high purity becsuse of the poisen~
ing effects of small mmounts of foreign materials, The chemicals wsed
in this work were:

Glacial acetic acid
Cyclohexsne

Platinum oxide catalyst
Ramey nickel catalyst
Ethyl alcohol

Phenol

o-creescl

m-cresol

p-cresol
Cyclohexancne
2-Methylcyclehexanone
3-Methylcyclohexanone
k-Methylcyclohexanene

The platinum oxide used in all hydrogenations im this investigation
cme from a single batch of catalyst obtained from the American Platinum
Works. This eliminated the possibility of having a catalyst ef varying
activity. '

The Ramey nickel catalyst was prepared from a niclkel-alwminum
slloy, procured from the Central Scientific Company, following the
method of Pavlic and Adkins (27). In a two-necked three-liter flask
equipped with a stirrer and a thermometer, 128 grams (3.2 moles) of
sodiwm hydroxide and 500 ml. of water were placed. The flask was im-
mersed in celd rumning water and a 100 gram quantity of the alloy was

added in small portioms te the rapidly stirred solutiom, while maintaining



the temperature at 50°C. After the addition of the alley was complete,
the swspension was digested for am hour on & water bath at 50°C.,
followed by washing with water until all alkali and water soluble salis
had been removed. The resulting fimely divided nickel was tramsferred
%o a 250 ml, centrifuge tube and washed three times by stirring with
95 per cent ethanol, The same procedure was follmﬁ with absolute
ethanol te remove the last traces of water from the catalyst. The
product was then stored under absolute ethamel.
Cyeslohexsne, Eastman's best grade, and glacial acetic acid,
Bakert!s C. P, grade, were found suitable for use after distillation,
Ethyl alcohol of approximately 99.5 per cemt purity was prepared
as follows (18). A rownd-bottomed flask was filled to sbowt two-thirds
of its eapn‘ity with 95 per cent ethyl aleohol. Fresh quicklime, brokea
into lwmps, was added to the alcohol wsing encugh lime so that the
pieces projected sbove its surface. A reflux condenser fitted with a
calciwm chloride drying twbe was attached and the mixture was gently
refluxsd for am howr and then sst aside for three days. Followinmg this,
the aleokol was again refluxed for am howr and then distilled direotly
into a suction flask protected with a calciwm chloride tube against
the eatrance of moisture.
Phemol was obtained as a U.S.P, grade of material and was purified
by distillation frem Raney mickel to remove any trace of sulfur cempounds.
o-Cresol, Eimer snd Amend C.P, grade, was distilled frem Raney

nickel, as were m- and p-cresol, Eastman yellow label.



Cyclohexanone, Eastman white label grade, was distilled from Raney
nickel.

The three isomeric methyl-cyclohsexanomes were prepared by dichromate
oxidation of the alcohols which were obtained by the hydrogematiom of
the corresponding cresols, A hundred ml, quantity of the cresel was
placed im the 185 ml. void Amince high pressure hydrogenation bomb,

To this wes added one gram of sodiwm hydroxide, tweaty ml. of ethyl
alcohel amd feur grams of Raney nickel. The reaction mixture was
shaken under an initial pressure of 3000 p.s.i., of hydrogen at 180°c.
wntil there was no further pressure drop. The reduced product was
decanted from the spent catalyst amd newtralized with hydrechloric acid.
The meutral solutien was extracted three times with ethyl ether and the
combined extracts were dried ever magnesium sulfate, The ether amd
ethyl alcohol were removed by vacuum distillation, After distillatienm,
the methyleyclohexamols were exidised with a dichromate-sulfwris acid
nixture (19).

In a ene-liter round-bottomed flask provided with a mechanical
stirrer was placed a solution containing 120 grams (0.k moles) of sediwm
dichremate, 100 grams (5h.3 ml., 0.97 moles) of comcentrated sulfuric
acid (sp. gr. 1.8k) in 600 ml, of water, To this vigerously stirred
mixture was added 0,58 moles of the methylcyclohexanol in four portioms,
Heat was evolved and the temperature of the reaction mixture rese to
spproximately 55°C., and then fell as soon as the reaction was complete.
The resulting oily product was extracted with an equal volume of ether,



separated, washed with three 200 ml. portions of 5% sodiwmm hydroxide
solution, then with water and dried over magnesium sulfate. After
removal of the ether the methylcyclohsexanones were obtaimed by distil-
lation., They were given a final purificationa by redistillation from
Raney nickel just prior to use.

The compounds hydrogenated were phenol, cyclohexanone, the three
isomeric cresols, and their corresponding methylcyclohexanones. Each
compound was hydrogenated at a temperaturs ef SO°0. and an initial
hydrogen pressure of 1300 pounds per square inch,

A standerd American Instrument Compamy (Aminco) high pressure
spparatus was used for these hydrogenations. The asccompamying pressure
gauge was graduated in divisions of ten peunds per square inch. Readings
of elapsed time were made with a stop-watch. The readings were taken
as the meedle on the pressure gmgolpuud through the center of the
division linss. A glass liner was used in all hydrogenations and com-
sisted of a Pyrex ground glass tube fitted with a glass stopper which
had a hole in the top to admit the hydrogen through a narrow twbe, The
latter was bent in a mammer to minimize the loss of reaction mixture
during shaking. The temperature was contrelled and recorded by a
Leeds and Northrup Micromax apparatus, The temperature during a kydro-
genation was maintained constamt with a varistien of ! 1%,

In carrying out the high pressure hydrogenstions the general
procedure was as follows, The catalyst and reactami, with the solveat,
were placed in the glass liner which was then plased in the bomb after

which it was sealed.
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The bomb was next connected to the high pressure hydrogea source
by means of a steel tube and hydroger was allowed to flow slowly inte
the reactien vessel until the desired initial pressure was reached as
indicated by the gauge. The bomb was then discomnected and placed in
the shaker, keeping the open end of hydregen delivery tube of the liner
uppernest,

For obtaining initial pressures above these obtainsble with com-
mercial cylimnders, a small hydraulic oil pwmp was wsed.

The volwme, or hydrogen void, of the spparatus was determined by
hydrogenating cyclohexsne in acetic acid as a solvent. Asswming a
quantitative hydrogenatien of the olefinic dowsle bond and usimg the
ideal gas law, the hydrogen void was calculated to be 00481 liters
(Table IX).

Each hydrogenation was carried out employing a mixture of approxi-
nately 0.02 moles of the compound te be hydrogenated, 0.1 grem ef
platinum exide catalyst, 0.8 ml, of ethyl alcokol and 0,2 ml, of glacial
acetic acid., A ratio of 0,194 moles of accepter per gram of catalyst
was maintained througheut.

Thirty ml, eacsh of o-cresocl and 2-methylcyclohexanome were hydro-
genated to determine the stereoisomerisa of the products. When the
hydrogea pressure had dropped to the calculated smount, the shaker was
stopped and the remaining hydrogen was vented. After removing the liner
frem the bomb the reaction solution was filtered to recover the spent
catalyst. The filtrate was stirred with dilute alkali to remove any



traces of unreduced phenol, sand with dilute sodium bisulfite to remove
ketones. The solution was then extrasted with ether and dried over
ankydrous magnesium sulfate. Following removal of the ether the crude
product was distilled in a small Glaisen flask and the fraction beoiling
between 165°-170°C, was cellected. Density and refractive index measure-
ments were made on this mixture of isomeric 2-methylcyclohexanols befere
subjecting the mixture to fractiematioa in a Heli Grid Podbielniak
column having & minimum of one hundred plates. The mixtures of alcohols
obtained from o-cresol and 2-methylcyclohexanone were fractionated into
six and eight cuts respectively under a preuufo of 3 mm, Density and
refractive index determinations were made on each of the fractions and
are listed in Tables V and VI,

Since the presence of an intermediate ketone had been shown in the
hydrogenation of phenelic compounds \isinz Raney nickel as a catalyst
in an alkaline mediwm (25), it was of interest to investigate the
possibility ef a similar intermediate using Adamt's platinum oxide
catalyst at high pressure in an acidic medium.

An sttempt was made to detect the ketone intermediate by ultra-
violet sbserption spectra, using the Beciman D U spectrophotcmeter.
Solutions of kmown concentrations of phenol and cyclohexanone in absolute
ethyl alcohol were prepared snd the per cent transmission at wave lengths
between 260 millimicrons and 320 millimicrons were measured. It was
determined that the concentrations required to obtain an appreciasble
sbsorption spectra with phenol was 10"!1, and for cyclohexanone it was
10™*N. It was also observed that the absorption peaks for both phenol
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and cyclohexsnone were very near to one amother. Both of these find-
ings were unfavorable, even before considering the effect of cyclo-
hexanol, There is an adverse concentration factor. The smount of
cyclehexanone present would have te be about one hundred times that of
the phenol in order te comtribute sppreciably to the combined sbsorption
spectra, Since such & high ratio of ketone to phenocl was not anticipated,
this method of detecting a possible ketone intermediate was given wp.
Since deviations from first-order kinetics in the hydregenation of
pherols and the cresols had been observed after the hydrogenations were
sbout two-thirds completed,the reaction products corresponding to two-
thirds hydrogenation were investigated for the presence of ketones.
Samples of phenol and each of the three isomeric cresols were
hydrogenated at high initial pressure in glacial acetic acid with
platinum oxide to, a caloulated, two-thirds cempletion, The reaction
was then stopped smd the catalyst filtered from the reaction mixture.
The filtrate was neutralized with dilute sodium hydrexide and extracted
with ether. The ether extract was dried over magnesium sulfate, After
removal of the solvent, the remaining mixture of substances was
fractionsted using a small distillation flask equipped with a short
Vigreux column, The distillate was collected in fractioms of about
half of a milliliter each, The ketone intermediate was shown to be
present in one or mere of these fractions rosnlting from the partial
hydrogenation of phenol and each of the three isomeric cresols by the
preparation snd isolation of solid dprﬁatives of each of ths corres-
ponding ketones. Table II lists the melting points of these derivatives.
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TABLE II

DERIVATIVES OF KETONES ISOLATED FROM THE PARTTAL HYDROGENATION OF
SOME PHENOLS IN GLACIAL ACETIC ACID WITH PPO, AT HIGH PRESSURES

Phenol Ketone Derivative M. P, of Derivative
Hydrogenated Intermediate of Ketone Observed Reported
Phenol Cyclohexanone 2,l-DNP.2 162-3°  162° (23)
o-Cresol 2-Methylcyclohexsnone  2,b-D.N.P. 136-7°  137° (23)
m-Cresol 3-Methyleyclohexsmone  S.C.° 178-9°  178° (2L)
p-Cresol  k-Methylcyclohexanome  S.C. 194-6°  196° (2k)

a) 2,4-D.N.P, = 2, k-dinitrophenylhydrezone
b) S.C. = Semicarbazone

With the presence of the intermediate ketone in the hydrogenation
of phenolic compounds im acid media with Pt0, at high initial pressure
confirmed, it was desirsble to obtain a quantitative measure of the
concentration of the intermediate ketone throughout the reaction,

These dotoninatiou were made at intervals of each additional ten per
cent hydrogenation starting at ten per cent hydrogenation, The

methed (26) wsed to determine gquantitatively the smount of ketone presemt
at any (:lnn per cent of camplete hvdromation was based en the
~determination of hydrogen chleride liberated in the formation of the
ketoxime with hydroxylamine hydrochloride. The equations for the

reactions invelved are:



Py
RD- 0 + NHOH-Hl ———> BD- Nt BP ¢ Byl

b%honol
Py -HEC1l + NaOH blue Py + N&Cl + HP

where R = H or CHy. Thus, the smount ef hydrogen chloride liberated
wes a direct measure of the ketone present and could be determined by
titration with a standard base, such as sodiwm hydrexide, wsing brem-
phenol blue as am indicator. The reagents used in this quantitative
procedure were hydroxylamine hydrochleride, 95% ethyl slcohol, pyridine,
and k% alccholic bremphemol blwe solution, Approximately O.5N hydroxyl-
mine hydrechleride solution was prepared by dissolving 35 grams (0.5
moles) of the hydrochleride salt inm 160 ml. of distilled water and
diluting to ome liter with 95% ethyl alcohol, The solvent mixture for
the ketone containing sample was prepared by mixing 20 ml. of pyridine
and ene ml. of 4 alcoholic bromphemel blue selution amd diluting to
ome liter with 95% ethyl alecohol. The standard sodimm hydroxide selu-
tion was prepared by dissolving 20 grams (0.5 moles) of sodium hydroxide
in 100 ml, of water and diluting to ene liter with methyl aloohol,
The alcoholic sodimm hydroxide was stendardised agaimst potassiwm acid
phthalate using phenelphthalein as an indicater.

In a pint pressure botile, 30 ml. of the hydroxylamine hydrochloride
solution was mixed with 100 ml, of the pyridine-indicator solution.
To this was added a S ml. aliquot of the hydrogenation mixture, which
had been made wp to volume with ethyl alcohol in a 10 ml. volumetric
flask. Sodiwm hydroxide was added to meutralize the scetic acid, the
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equivalence point taken at the point where the coler of the sample
corresponded to that of the blank., The pressure bottles were then
stoppered, placed in wire-mesh safety screens and heated on a stem
bath for two hours, and then set aside to cool overmight. The sample
solutions were then titrated with the standard sodiwm hydroxide solu-
tion te the same end point celor as the blank which was identical te
the liydrogenation ssmples except that it comtained no ketone and had
been treated in the smme way as the samples. The results of these
analyses are swmarized in Tables XVIII to XXI, |

Since the kimetic data obtaimed on the hydrogemation of phemol
and the three isomeric cresols showed some devistions from a pseudo
first-order rate expression as tho hydrogenation progressed, it was
decided to investigate the order of the reaction, This was dome by
holding constant all but one of the possible variables in the reaction
and determining its effect on the reaction, The facters investigated
were: amownt of acid, amownt of catalyst, initial hydrogen pressure,
mount of acceptor, and rate of shaking. The results are tabulated in
Tables VII and VIII.
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CALCULATIONS AND RESULTS

It has been shown in several studies (10,21,22,23) that the hydro-
genation of benzene derivatives over platinum oxide in the presence of
glacial acetic acid is first order with respect te the hydregen pressure,
sero order with respect to the concentration of the hydrogen acceptor,
snd directly proportienal to the mmount of catalyst wsed. Thus, the
rate of the resction for a given mmount of catalyst cam be expressed
by the differential equation

-4 fmy .y 'R
—dt
which, when integrated and expressed using logaritims on the base ten,

gives
Pog,

e - 1 T
8

where k is the specific reaction rate, ¢ is the time, P°y, is the
initial hydrogen presswre, and P![a is the hydrogen pressure at time t.

To calculate the values of the rate constant k, the slopes of the
lines obtsined by plotting log Py ./’n, against time were multiplied
by 2.303. Since these comstants were determined frem different amounts
of catalyst, they were referred to one gram of catalyst in order that
all valuwes may be comparsble., The data and plots for the determinatien
of the rate constants are shown in Tables X to XVII and Figures I-VIII
in the Appeadix. Since the hydrogenations of the ketones, cyclohexamonse
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and the three methylcyclohsxsnones, did not obey the first order rate
law under the conditions used te hydrogenate phonbl and the isomeric

eresols, a cemparison of rate constants for the ketones investigated

could not be made. The rate constants for phemol and the cresols are
recorded in Table III.

TABLE III

SPECIFIC REACTION RATE CONSTANTS FOR THE HIGH PRESSURE HYDROGENATION®
OF PHENOL AND THS THREE ISOMERIC CRESOLS

Orams of Initial B
Acceptor Moles Pt0, Pressure (p.s.i.) k x10~°
Phenol 0,0228 0.1175 1360 1.6
o-Cresol 0.019k 0.1000 1300 8.32
mn-Cresol 0.01%1 0.0985 1300 10.3
p-Cresol 0.0192 0.0989 1300 10.k

*Hydrogenation carried owt in a 0.0k81 ml. Veid Aminco Bomb
in an Ethenol-Glacial Acetiec Acid Solvent wszing PtO, as a
Catalyst.

In order te determine the relative ease of hydrogenation of all the
compounds studied, plots were made of the moles of acceptor hydrogenated
against time and are shown in Figures IX-IVI, The times required for
the initisl 30% of hydrogenation of the acceptors are recorded in
Table IV,

Since it has beem shown by Jackman, Macbeth, and Mills (21) thst a
linesr relationship exists betwsen the densities of the isomeric



TABLE IV
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TIMES REQUIRED FOR THE INITIAL THIRTY PER CENT OF HYDROGEMATION
IN THE HIGH PRESSURE HYDROGENATION® OF PHENOL, THE THRER
ISOMERIC CRESOLS, CYCLOHEXANONE, AND THE
THREE ISOMERIC METHYLCYCLOHEXANONES

“Time in Mims,
Grems of Initial for Initial
Acceptor Moles PO, Pressure (p.s.i.) 30% of Hydro-
genation
Phenol 0.0228 0.1175 1300 12.k
Cyclohexanome 0.0197 0.0995 1300 8.0
o-Cresol 0.019k 0,1000 1300 13.5
2-Methylcycle-
hexanone 0.,0152 0.0788 1300 - 1.1
mn=Cresol 0.,0191 0,0985 1300 12,7
3-Methylcycle~
hexsnens 0.0159 0.,0819 1300 8.5
p-Cresol 0,0192 0.0989 1300 12.7
h-Methylcyelo-
‘bexanone 0.0149 0.0771 1300 8.k

*

Hydrogenations carried out in a 0.0481 ml, Void Aminco Bomb

in an Ethanel-Glacial Acetic Acid Solvent usiag PtO, as a

catalyst.

2-methylcyclohexsnols, the stereochemical structure of the 2-methyl-

cyclohexamels resulting frem the hydrogemation of o-cresol and 2-methyl-

cyclehexmmone was determined by density amnd refractive index measure-

ments on the alcohols before and after distillation through a Heli Grid

Podbielniak colwan at 3 mm g pressure. Measwrement of the densities

after a simple distillation and befere fractionation indicated the



19

per cent cis isomer in the hydrogenation of o-cresol was 75.2% and,
in the case of 2-methylcyclohexanene, 77.2%. In Tables V and VI are
shown the densities and refractive indices of the various fractions
obtained by distillation using the Podbielniak column.

TABLE V

DENSITY AND REFRACTIVE INDEX MEASUREMENTS ON THE 2-METHYLCYCLOHEXANOL
RESULTING FROM THE HIGH PRESSURE HYDROGENATION OF O-CRESOL IN AN
ETHANOL-GLACIAL ACETIC ACID SOLVENT USING PtOg AS A CATALYST
FRACTIONAL DISTILLATION WITH A HELI GRID PODBIELNIAK COLUMN

Fraction Weight in Grams n .o’) Dao ( g/-l)")
1 5.759k 1.k6k7 0.9339
2 k7502 1.L6h3 0.933k
3 k. 7156 - 1.k6ko 0.9326
h 3.986k 1.4636 0.9315
z 2.3012 1.k633 0.9298

1.7416 1.L629 0.9282

a) Before fractionation Dy = 0.9313 and npo = 1.4638.

TABLE VI

DENSITY AND REFRACTIVE INDEX MEASUREMENTS ON THE 2-METHYLCYCLOHEXANOL
RESULTING FROM THE HIGH PRESSURE HYDROGENATION CF 2-METHYLCYCLO-
HEXANONE IN AN ETHANOL-GLACIAL ACETIC ACID SOLVENT '
USING PtOg AS A CATALYST
FRACTIONAL DISTILLATION WITH A HELI GRID PODBIEINIAK COLUMN

Fraction Weight in Grams ngob) Dao?)
1 3.2360 14648 0.9338
2 6.2072 1.L645 0.9337
3 2.5072 1.k6h2 0.9334
h . 2.8L%0 1.46ko 0.9332
5 3.0990 1.4638 0.9328
6 3.6138 1.k635 0.9319
7 3.7126 1.4631 0.9300
8 1.4397 1.L4628 0.928)

b) Before fractionation Djo = 0.9315, ngo =1.4637






The plots of density against weight of alcohol distilled for thess
two hydrogenations are shown in Figure XVII., The reperted values of
the index of refraction amd density (21,22) for cis-2-methylcyclohexanol
are Ngg = 1.46L9 ;3 Dyo =0.9336 g/ul., and for trans-2-methylcyclo-
hexanol are Mg = 1.4616 ;3 Dy = 0.9237.

It ic evident that the producf. is predominantly the cis-isomer and
that approximately the ssme percentage of cis-isomer is obtained from

either o-cresol or its comsponding ketons,

| The percent ketone present in the reaction mixtures at various
degrees of hydrogenation are tabulated in Tables XVIII to XXI, Graphs
showing the percent of ketone at various degrees of hydrogenation are
found in Figures XIVIII-XXI, Assuming there are no intermediates other
than the respective ketones present in the reaction mixture, the smount
of alcohol present can be calculated from the hydrogen uptake amd the
quantitative determination of the ketone by the byﬂrovluino hydro-
chloride method. Since each mole of ketone formed has consumed two
moles of hydrogen, the additional moles of hydrogen used divided by three
yields the moles of alcohol. The moles of wmreacted phenolic compound
can be obtained by substracting the sum of the moles of ketone and
alcohol from the moles of originsl phenolic campound. Graphs of the
percent of components, phenolic cempound, ketone, and alcohol, at
various degrees of hydrogenation are shown in Figures XXII to XXV,

The data for the hydrogenatiom of phenol under different conditions
are shown in Tables XXII to XXVI, Figure XXVI shows the plots of these

hydrogenations according to first order kinetics. The values of the
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rate constants obtained from these plots are recorded in Table VII.
Plots of the moles of phenol hydrogemated against time appear in
Figure XXVII and the times for the initial 30X of hydrogenation are
listed in Table VII,

The data for the hydrogenation of cyclohexanone as the conditions
were varied are shown in ‘rabics IXVII to XXXI, Plots of the moles of
cyclohexanons hydrogenated against time appear in Figure XXVIII and
the times for the initial 30% of hydrogsnation are feund in Table VIII.

When phenol or cyclehexanone were hydrogenated at a shaking rate
of twenty-iw cycles per mimte, identical data was obtained as when
these compounds were hydrogemnated at the normal rate of thirty-four

cycles per mimte.
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DISCUSSION

It had originally been planned to obtain kinetic data and
information on the geometrical isomeriem of the products resulting from
the hydrogenation of o-cresol and 2-methylcyclohexanone in both acidie
and basic solvents, A comparison of the specific reaction rates of
hydrogenation and of the smounts of cis and trans 2-methylcyclohexancls
obtained should give informatien as to whether the mechaniamm of hydro-
genation was the same or different in the two media, Unfortunately,
hydrogenation of the cresels in basic media ceuld not be achieved,
Among the bases investigated were sodiwm hydroxide, piperidins, and
smonium hydroxide. Durimg periods of time of from eight to tem hours
no spprecisble drop im hydrogen pressure was obtained in any of these
solvents., However, im each case, it was found that if the catalyst was
washed and used im the hydrogenation of a fresh quamtity of o-orinl
in acetic acid, hydrogemation was obtained, This was accomplished by
stopping the shaker after several hours, venting the hydrogen aad
recovering the catalyst by filtration, The catalyst was washed with
water and alcohol before returning it to the reaction vessel with the
- fresh o-cresol in acetic acid as a solveat. It thus appears that the
presence of a base poisoned the catalyst but such poisoning is mot
permanent since it could easily be removed fram the catalyst by washing.

VWhen the ketones were hydrogsnated under similar conditions im

the presemce of smmonium hydroxide, a rspid drop in hydrogemn pressure
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was ebserved. This reductive amination took place at a faster rate
than the hydrogenation of the corresponding phemolic cempounds, The
course of the reductive mmination can be represented as follows:

NH
HMEy + (OO0 (O T = O ED
OH ¢
H H
v —w— X
NHg
H O H

Q'O + 3 : O‘—:‘\

The presence of cyclohexylamine and dicyclohexylmmine was confirmed
by the preparstion of their hydrochlorides following fractional distil-
lation of the hydrogemation products of cyclohexanone in smmoniacal
media,

Since the hydrogenation of the ketones in ammoniscal solution
proceeds readily, it is evident that the poisoning of the catalyst ob-
served in the case of the phenols was selective, This could bo~ explained
either on the basis of the relative attraction of the base and the
asceptor for the same type of active centers on the catalyst surface or
by considering the catalyst to have more than one type of active centers.
It is possible that ssmonia is held to the catalyst by stronger forces



2k

than phenols and deoes not permit the latter to replace it. The Schiff
base type of cempound resulting from the reaction of the ketone with
smonia may be sble to replace the smmonia on the catalyst, or the
ketons may react with both the amonia and the hydrogea at the catalyst
surface,

The geometry of the active centers may also account fer the
selectivity of basic poisoning. Phenols, as well as other aromatic
coampounds, have been found te hydrogenate only on certain types of
catalysts (28), nammely, those which have a certsin geometrical pattern
of active cemters, The flat wise adsorption of phemol could be pre-
veated by the contamination of some of these centers by the base while
8 ketimine would require only two adjacent active centers on the
catalyst.

Since the rather extreme conditions, for Adams platinum oxide
catslyst, of 1300 pounds per squars inch hydrogen presswre amd 50°C.
had been wsed with the phenols in attempting te carry out their hydre-
genation in basic media, it was decided to investigate their hydrogenationm
in acidic media wnder similar conditions of imitial pressure and tempere-
ture. Under these conditions both the phenolic cempounds and their
corresponding ketomes were hydrogenated.

Considering first the geometrical comfiguration of the alcohols
obtained from the hﬂrogbution of o-cresol and 2-methyleyclohexanone,
it was found that in both cases approximately seventy-five per ceat
cis-2-methylcyclohexamel was obtained, This indicated that, in the

hydrogenation of o~cresol, the ketone occurred as an intermediate,
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The reactions involved could be represented by the following equations:
,OH ,OH -0
e —
CH,4 ‘cH,y — “CHy
<0
\cn‘

The specific reaction rate constamts for the hydrogenation of the

CE, OH  (75%)

cresols and of their corresponding methylcyeclohexamones could not be
compared simce the ketones did mot follow first order kineties,

A further indication that the ketone is am intermediate in the
hydrogenation of the phenels is shown im the plot of the hydrogenation
of the phemols according to first erder kinetics., The initial portiom
of the curves, to sbout seventy per cemt, is a straight lime in every
case, lowever, the remaining portion of the hydrogenstien curve shows
a deviation fram this stradght line. This presumably could be due to
the relatively higher concentration ef the ketome than of the phemelic
compound at this stage of the hydrogenation as is shown in Figures XXII
te IOV,

The actual physical presence of the ketome intermediate in the re-
astion mixture was shown by imterrupting the hydrogenstien at sixty te
seventy per cent of completion and subjecting the reaction mixture to
fractionsl distillation., For phenol and the three cresols a sufficient

smount of the corresponding ketone was obtained in each case to prepare
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and isolats solid derivatives, thus cenfirming the presence of the
intermediate ketones.

8ince the rate curves for the hydrogenatien of the phenols did mot
follow first order kinetics throuwghout the latter part of the hydro-
genation, it was of interest to determine the composition of the reactiom
mixture as hydrogenation progressed. Asswming the ketone to be the
only stable intermediate formed, the composition of the reaction mixture
st any particular degree of hydrogenation couwld be expressed in terms
of moles of phenol, ketone, and alcohol, Figures IXII to XXV show
that above sixty percent hydrogenation the concentration of ketone
present is greater than that of the phenol. Thus, since the ketones
did not follow first order kimetics, it is not swrprising that the
composite curve for the hydrogenation of phenols amd their ketome inter-
nudistes are found to deviate from first order,

A comparison qf the relative rates for the hydrogenmation of phemol
snd the cresols can be made, The order feund was, phenol > p-cresol =
m-cresol > o-cresol, These results can be accounted for from a com-
sideration of aterié hindrance, This may be of two types. First, the
steric hindrence between the catalyst and the adsorbed molecules, and,
secondly, steric hindramce of the type which imterferes with the spproash
of hydrogen molecules to the catalytic surface, In the first instance,
flat adsorption of the bensene ring requires that the meolecule find an
area on the catalyst wvhich has sufficient size and suitable spacimng of
the metallic atoms. Substituents on the benzene ring would be expected

to decrease the possible mmber of areas where the molecule could be
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adsorbed, Adjacemt substituents have been found te decrease the rate
of hydregemation to a greater degree than the same mmber of nonadjacent
substituents (7).

The second type of steric hindramce might be importamt in gevern-
ing the ruio, since the hydrogen must pass through the substituwents
vwhich extend away from the catalytic surface following adserptiom of
the acceptor, im order te be adsarbed and subsequently react. The rate |
at which lvdrogﬁn is adsorbed om the catalyst may be rate determining
for the hydrogenation process. This would be in lime with first order
rate dependemnce on hydrogen pressure,

In order for the intermediate ketone to be isolated, the partially
hydrogenated phenol molecule must have left the catalyst surface. Since
the ketome must then be readsorbed on the catalyst for the final stage
of the hydrogenation, steric effects could come inte play at this
point. The hydrogenation of the ketone can be pictured as invelving
sdserption of the carbomyl growp only. Here again, am ortho substituent
could hinder the approach of the carbenyl group to the catalyst surface.
This effect would not be as great in the adsorptiom of the 3- amnd k-
mothylcyclohexanones .

8ince the ketones did not yield straight lines when plotted ascord-
ing to first order kimetics, the rate constants could not be obtaimed.
In order to have a basis for the comparison of the relative ease of
hydrogenation of the kstones, the time required for the imitial thirty
per cent of hydrogenation was determined from plots of the moles of
ketone hydrogenated agaimst time. The relative order found was,
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cyclohexanone > h-methylcyclohexanome ) 3-methyloyclohexanome » 2-methyl-
cyclohexanene. When the same comparison, that is, time required for
thirty per ceat hydrogenatiorn, was applied to phenol and the cresols,

the smme relative order as that obtained by comparison of rate constants
resulted, as is shown in Tables III and IV,

The effect of varying the conditions in the hydrogemation of phemol
provides evidence that the hydrogenation of phenol follows a first order
rate expression for approximately three-fourths ef the hydrogenatien.

As is shown in Table VII, decreasing the amount of acid by ene half had
no appreciable effect on the time required for the initial thirty per
cent of the hydrogenatiom and no effect on the rate constant. Whem the
mount of catalyst was increased or decreased, there were changes in
both the time and rate constamt in all cases in the expected direction.
Decreasing the initial hydrogea pressure by a factor of two approximately
doubled the time required while the rate constant remained wnchanged.
Decreasing the concentration of acceptor by a facter of two had no
effect on the rate oonstant and the time r.qnil;cd was halved, The
hydrogenation of phemol can thus be considered to be independent of the
comcentration of acid used, proportional to the amount of catalyst used,
independent of the concemtratiom of the acceptor, and first order with
respect to hydrogen pressure,

The effects of changing the conditions in the hydrogenation of
cyclohexanens follow the same patiern as with phenol except in the case
where the initial hydrogen pressure was halved as shown in Table VIII,
An increase in the time required for the initial thirty per cent of
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hydrogenation was noted but the increase was considersbly less than a
factor of two as was found in the case of phenol, Since cyclohexanone
did not follow first order kinetics during the hydrogenatioa, this
deviation is not swrprising.

It should be noted that all the data fer the hydrogenations of the
phenolic compounds represents the composite effects of the two stages
of hydrogenation taking place simultaneously. Variations in the data
from what would be predicted for a single step hydrogemation which

fellows first order kimstics may be attributed to this fact.
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1. Specific reaction rate constamts have been determined for the high
pressure hydrogenation of phemol and the three isomeric cresols
using platinum oxide catalyst,.

2. The time required for the initial thirty per cemt of hydrogemation
of phenol, cyclohexanene, the three isomeric cresols, and their

corresponding methylcyclohexsmonss have been determined,

3. The hydrogenation products of o-cresol and 2-methylcyclohexanone
were shown te have the same ratio of cis-2-methylcyclohexsmol to
trans-2-methyloyclohexanol. In both cases the hydrogenation products

contained seventy-five per cemt of the cis isomer.

k. The presence of an intermediate ketone in the hydrogemation of
phenol and the three isomeric coresols was confirmed by the prepara-
tion and isolation of solid derivatives of the corresponding ketones
in each case. In addition, the concentration of the ketone threughout
the hydrogenstions was determined quamntitatively. The hydrogemation
of the phenolic cempounds investigated were thus shown to undergo
hydrogenation in a step-wise manner.

5. It was conclwded that the ketone intermediates did not follow first-
order kinetics wnder the hydrogenatiom conditions investigated.






6. The deviation from first-order kimetics for the phenolic compounds
investigated as hydrogemation progressed was explained on the basis
of a higher concemtration of ketone than of phenolic compound in
the reaction mixture in the final phase of hydrogemation.
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TABLE IX

Cyclohexens High Pressure

0.03%k Moles 0,1000 g. PtO,
' 0.5 ml. of acetic acid

Time Tempersature Pressure log
(Minutes) (Degrees C.) (p.s.i.) Po/p
0.0 23 1300 -
1.0 23 1135 -
1.5 2L 1115 -
3.3 2l 1095 -
20.6 23 985 -
h7.5 23 980 -

62.3 23 960 -




TABLE X

ghg;g% Moles gfﬁ??:’;rt;,
0.2 m1, of acetic acid, 0.8 ml. of ethyl alcohol

Time Temperature Pressure Moles Compd, Leg
(Mixutes)  (Degrees C.) (p.s.i.) Hydrogensted Po/P
0.0 50 1300 0000 .000
2.8 50 1255 0018 015
7.1 51 1195 .00L2 037
10.2 50 1155 .0058 050
14.8 50 1095 0081 075
17.8 51 1055 0097 091
2.1 51 975 0120 JA16
35.5 % 855 0176 .182
h5.3 50 795 .0199 .21k

52.2 50 175 0207 .225
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TABLE XI
610197 Holes 0.0955 . Fios
0.2 ml, of acetic acid, 0.8 ml, of ethyl alcohol

Time Temperature Pressure Moles Compd. Log
(Mimates) (Degrees C.) " (p.s.i.) Hydrogenated Po/P
| 0.0 S0 1300 .0000 .000
1.6 50 1285 .0018 005
3.0 50 1275 0029 008
6.9 50 1255 .0052 015
1.6 50 1235 0075 022
16.1 50 1215 0099 ~029
23.6 50 1195 0122 037
33.2 50 1175 0145 oLk
k7.5 50 1155 0168 .050
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TABLE XII
0015k Noles 05000 g, Ptos
0.2 ml, of acetic acid, 0.8 ml, of acetic acid

(timetas)  (Dogeos C)  (pesoid  Hyirogessied  Peg?
0.0 S0 1300 0000 .000
1.9 50 1275 .0010 008
9.2 51 uss ool 037
1k.7 50 1135 006k .059
23.6 50 1045 .0098 095
28.7 50 990 Oon3 Jl2
36.6 50 965 0129 J29
k2.8 L9 9hs 0137 138
46.0 50 935 0140 .1h3
52,0 S0 Nns .01k6 153
0.8 50 895 0156 .162
16.5 ' 50 815 .0187 .203




TABLE XIII

ko

3t o-8756 5. oo
0.2 ml. of acetic acid, 0.8 ml. of ethyl alcohol

Time Temperature Pressure Moles Compd. Log
(Minwtes) (Degrees C.) (p.s.1.) Hydrogenated Po/P
00 50 1300 0000 .000
1.0 50 1295 .0006 002
2.4 L9 1285 0017 .005
5.5 50 1275 .0028 008
8.6 50 1265 00ko 012
13.8 50 1255 0051 015
18.3 50 1245 0062 019
.k 50 1225 0085 026
k2.0 50 1215 .0100 029
54.8 50 1205 .0107 .033







TABLE XIV

n-Cresol High Pressure
0.0191 Moles 0.0985 g. PtO,
0.2 m1. of acetic acid, 0.8 ml, of ethyl alcohol

(timves)  (Degress C)  (psi)  Hpdrogensied  Forp
0.3 50 | 1300 | 0000 .000
1.3 50 1285 .0006 .005
5.3 50 1235 0025 022
10.1 51 175 00L7 Obk
17.0 50 . 1095 .0078 075
26.8 50 985 0123 J21
301 50 955 0131 A3k
35.0 50 915 O1ké 153
39.0 50 895 .0153 162
kk .6 k9 875 0161 A72




TABLE XV

ot T,
0.2 ml, of acetic acid, 0.8 ml. of ethyl alcohol

(Nimtes)  (Dogress 0)  (p.ad)  Hydrogeasied  Por?
0.0 S0 1300 | .0000 .000
0.9 0 1295 .0006 002
2.2 50 1285 0017 005
k.2 50 1275 .0029 008
6.3 50 1265 .00l0 012
12,6 50 12Ls5 .0063 019
19.0 50 1225 .0085 026
27.8 L9 1205 .0108 033

3k.0 50 1195 0119 037
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TABLE XVI
p-Cresol High Pressure

0.01920)21:;. of acetic acid, 0.8 ml. of othylo;gz.gz«’{. et
(Cimtes)  (Dogross G (posd)  Hydrogwmsted  Fofp
0.0 50 1300 0000 000
3.6 51 1255 0017 015
6.9 50 1215 20033 029
15.1 50 115 0071 067
22.3 L9 1035 .0102 099
32,6 50 935 .01k0 .1h3
39.8 50 895 0156 162
k6.1 50 875 0163 JAT72
50.2 L9 865 0167 A77

58.0 50 855 0171 182




TABLE XVII
k-Methyloyclohexanone High Pressure
0.01L9 Moles 0.0771 g. PtO,
0.2 ml, of acetic acid, 0.8 ml. of ethyl alcohol
(timtes)  (Degress C)  (poi)  Hyirogeneiion  Pogp
0.0 50 1300 0000 000
0.9 50 1295 .0006 .002
21 50 1285 0018 .005
L.7 50 1275 .0030 008
7.6 50 1265 .00L2 .012
1L 50 1255 .005k 015
13.k L9 1245 0066 .019
19.3 50 1235 0076 022
2h.1 50 1225 .0089 026
29.2 50 1215 .0101 029

36.h 50 1205 0113 033
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TABLE XXII
Phenol High Presswre
0.0228 Moles 0.1175 g. Pt0,
0.1 ml, of acetic acid, 0,9 ml. of ethyl alcohol

(u‘:{::u) %‘mﬁ?) {;e:“;.r; msgmén ?:}P
0.0 50 1300 0000 .000
1.2 50 1285 0006 005
3.0 50 1255 0018 .015
k.3 51 1235 .0026 022
7.4 51 1195 0042 037
10.k 0 1155 .0058 050
13.5 50 15 0073 067
16.7 50 1075 0089 083
19.8 L9 1035 .0105 099
23.0 50 995 0120 JA16
28.5 50 935 .O1kk k3

34.6 50 875 0167 JA72




TABLE XXIII

Phenol
0.0228 Moles
0.2 ml, of acetic acid, 0.8 ml. of ethyl alcohol

High Pressure
0.2350 g, Pt0,

Time Temperature Pressure Moles Compd. Log

(Mimutes) (Degrees C.) (p.s.d.) Hydrogenated Po/P
00 50 1300 0000 000
0.9 50 1285 .0006 .005
1.9 50 1255 .0018 015
2.7 50 1235 .0026 .022
5.1 sl 1195 0042 .037
7.8 50 1155 0058 050
10.7 50 s 0073 067
13.8 50 1075 0089 483
16.8 50 1035 .0105 099
19.7 50 995 .0120 J16
24,5 50 935 .OLLk .1h3
29.5 50 275 0167 JA72




TABLE XXIV

Phenol : High Pressure
0.0228 Moles 0.0588 g. PtO,
0.2 ml. of acetic acid, 0.8 ml, of ethyl alcohol

(llmtes)  (Dogress ) (pad)  Iyirogemsied  Pojr
on 50 1300 0000 000
1.1 50 1285 .0006 .005
3.3 50 1255 0018 Q015
5.0 50 1235 0026 022
8.4 51 1195 .00l2 037
12.2 50 155 0058 050
15.9 50 115 0073 067
19.2 50 1075 .0089 083
23.9 50 1035 0105 099
3.7 50 955 0136 13k
38.3 50 895 0160 162




TABLE XXV

S2

Phenol High Pressure
0.02280%;13. of acetic acid, 0.8 ml1, of otlgin al.ll.zol'x;lm’
Time Temperature Pressure Moles Compd. Lo

(Mimutes) (Degrees C.) (p.s.i.) Hydrogenated Po,l’
0.0 50 650 0000 000
k.2 50 615 001k 02k
6.4 50 595 .0021 .038
9.7 50 575 0029 053
12.3 L9 555 0037 069
15.7 S0 535 L00L5 .085
19.0 50 515 .0052 101
231 50 k95 0060 118
30.k 50 k55 0075 155
b2 50 395 .0099 .216




TABLE XXVI

gl.lgﬂt Moles gfﬁ??:m,
0.2 ml. of acetic acid, 0.8 ml, of ethyl alcohol

Time Temperature Actual Pressure Moles Compd. Log
(Mimutes) (Degrees C.) (p.s.i.) Hydrogenated Po/P
0.0 50 1300 0000 000
1.6 50 1275 .0010 008
h.k 50 1235 .0025 022
6.0 50 1215 .0033 029
8.9 50 ~11s .0048 Okl
n.7 50 135 006k 059
15.1 L9 1095 0079 0175
17.0 50 1075 .0087 083

19.5 50 1055 0095 091




TABLE XXVII

Cyclohexanone
0.0197 Moles
0.1 ml, of acetic acid, 0.9 ml. of ethyl alcohol

High Pressure
000995 ‘o Pto'

i RIT TV BNSEN B
0.0 50 1300 .0000 000
1.7 50 1285 .0018 005
3.1 51 1275 .0029 .008
7.2 51 1255 .0052 015
1.8 50 1235 0075 022
16.h 50 1215 0099 029
24.0 50 1195 .0122 037
3k 50 1175 0145 .Olks
L9.3 50 1155 .0168 050
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TABLE XXVIII
Cyclohexanone High Pressure
0.0197 Moles 0.1990 g. Pt0,
0.2 ml, acetic acid, 0.8 ml, of ethyl alcohel
Time Temperature Actual Pressure Moles Compd. Log
(Mimutes) (Degrees C.) (p.s.i.) Hydrogenated Po/P
0.0 50 1300 0000 000
1,2 50 1285 .0018 005
1.7 D 1275 0029 .008
3.k 50 1255 0052 015
5.6 50 1235 .0075 022
9.1 50 1215 .0099 029
13.7 50 1195 .0122 037
18.7 50 1175 .0LkS Okl

25.2 50 1155 .0168 050




TABLE XXIX

Cyclehexanone High Pressure
0.0197 Moles 0.0498 g. PtO,
0.2 ml1, of acetic asid, 0.8 ml, of ethyl alcohol

(timtes) (Dogrees 00 (peadd) . Hydrogemeted

00 50 1300 .0000 000
1.7 50 1285 0018 .005
3.3 50 1275 .0029 .008
1.0 L9 1255 .0052 015
20.2 50 1235 .0075 .022
28,8 50 1215 0099 029
k3.9 50 1195 0122 037
50.6 50 1185 0133 .oko
58.0 50 1175 .OLk

0145
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TABLE XXX
Cyclohexanone | High Pressure
0.0197 Moles 0.0995 g. PtO,
0.2 m1, of acetic acid, 0.8 ml. of ethyl alcohol

Time Temperature Actual Pressure Moles Compd. Log
(Mirtes) (Degrees C.) (p.s.i.) Hydrogenated Po/P
0,0 S0 650 .0000 .000
1.k 50 635 0017 .010
5.h 50 615 .00l .02}
1n.2 50 595 006k .038
17.k 51 515 .0087 Q053
25.2 50 555 .0110 069
35.1 50 535 013k 085

k.5 50 515 0156 101
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TABLE XXXI
Cyclohexanone High Pressure
0.0099 Moles 0.0995 g. Pt0,
0.2 ml. of acetic acid, 0.8 ml. of ethyl slcohol

i TSR MnSEL B
0.0 50 1300 0000 000
1.k 50 1285 .0018 .005
L.5 50 1275 .0029 .008
7.5 51 1265 .00l 012
12.9 50 1255 .0053 015
18.1 50 12k5 006l 019
26.0 S0 1235 0076 022
36.4 50 1225 .0087 026
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Name: Arthur F, Miller
Born: November 15, 1925 in Ashtsbula, Ohio

Academic Career: Ashtabula High School, Ashtsbula, Ohio, 19k0-1943
Bowling Green State University, Bowling Green, Ohio,
1946-1950
Michigen State College, East Lansing, Michigan,
1950-1953

Degrees Held: B, S, Bowlimg Green State University, 1950
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